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Nature of the acidifying defect observed after relief of ureteral
obstruction. The acidifying capacity of the normal and experi-
mental kidney was studied in rats three hours after release of
complete unilateral ureteral obstruction or after unilateral re-
lease of bilateral ureteral obstruction. In seven rats following
release of unilateral ureteral obstruction, mean plasma bicar-
bonate concentration was 23.5 mEq/liter, and plasma pH, 7.45.
Urine pH from the postreleased kidney was 7.47 and 6.01 from
the control side. Net acid excretion averaged 0.97 0.14 Eq/
mm in the control and —0.17 0.05 LEq/min in the experimental
kidney. Fractional excretion of bicarbonate averaged 0.02°/ in
the control and 3.17% in the experimental kidney. In eight
animals with unilateral release of bilateral ureteral obstruction,
mean plasma bicarbonate was 16.9 mEq/liter and plasma pH was
7.35. Mean urine pH in the postreleased kidney was 6.11, net
acid excretion averaged 2.01 0.69 Eq/min and fractional bi-
carbonate excretion averaged 0.84%. A third group of animals
received ammonjum chloride prior to release of unilateral uret-
era! obstruction. In these animals mean plasma bicarbonate con-
centration was 16.9 mEq/liter, and plasma pH, 7,32. Urine pH
was 5.70 in the control and 5.79 in the experimental kidney. Bi-
carbonate titration studies in four animals after release of uni-
lateral ureteral obstruction failed to demonstrate a Tm for bi-
carbonate in either the experimental or control kidney. There
was no evidence for an increased splay in the bicarbonate titra-
tion curves. Micropuncture experiments failed to demonstrate
decreased bicarbonate reabsorption after release of unilateral
ureteral ligation in surface nephrons. Urinary Pco2 values re-
mained low after bicarbonate loading in the experimental kidney
of rats subjected to release of unilateral ureteral ligation. It is
suggested that the acidifying defect may be due to decreased H +
secretion in the distal and collecting duct of surface nephrons or
to marked alteration in the reabsorption of bicarbonate in juxta-
medullary nephrons.
Nature du défaut d'acidification observe apres levee d'une ob-
struction urétérale. La capacité d'acidification du rein normal et
du rein experimental a été étudiée trois heures après Ia levee d'une
obstruction urétérale unilatérale totale et après Ia levee d'une
obstruction urétérale bilatérale. Chez sept rats, aprés Ia levee
d'une obstruction unilatérale, Ia concentration moyenne de bi-
carbonate est de 23,5 MEq/litre et Ic pH du plasma a 7,45. Le pH
de l'urine du rein ayant subi l'obstruction est de 7,47 contre
6,01 pour Ic rein témoin. L'excrétion nette d'acide est en moyenne
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de 0,97±0,14 Eq/min du cote tCmoin et de —0,17±0,05 Eq/
mm pour Ic rein experimental. L'excrétion fractionnelle de bi-
carbonates est en moyenne de 0,02% pour Ic rein témoin et de
3,l7% pour Ic rein experimental. Chez huit animaux, après Ia
levee unilatérale d'une obstruction bilatérale Ia concentration
plasmatique moyenne de bicarbonate est de 16,9 mEq/litre et Ic
pH du plasma de 7,35. Le pH urinaire moyen pour Ic rein dont
l'obstacle est levé est a 6,11, l'excrétion nette d'acide est en
moyenne de 2,01 0,69 Eq/min et l'excrétion fractionnelle de
bicarbonate en moyenne de 0,84/. Le troisième groupe
d'animaux a recu du chiorure d'ammonium avant Ia levee d'une
obstruction unilatérale. Chez ces animaux Ia concentration
moyenne de bicarbonates plasmatiques est de 16,9 mEq/litre et
le pH du plasma a 7,32. Le pH de l'urine est a 5,70 pour le rein
témoin et a 5,79 pour le rein experimental. Les etudes de titration
des bicarbonates chez quatre animaux apres levee d'une obs-
truction unilatérale ne montrent pas de Tm ni dans Ic rein cx-
périmental ni dans le rein témoin. Ii n'y a pas d'argument en
faveur d'une augmentation de l'évasement (splay) dans les courbes
de titration des bicarbonates. Les experiences de microponctions
n'ont pas montré de diminution de Ia reabsorption de bicarbo-
nate par les néphrons superficiels après levé&d'une ligature uni-
latérale de l'uretère. Les Pco2 urinaires du rein experimental
restent basses après une charge en bicarbonate chez des rats dont
l'obstruction urétérale unilatérale est levee. 11 est suggéré que Ic
défaut d'acidification peut étre dü a une diminution de Ia
secretion d'ions H + dans le distal et le canal collecteur des
néphrons superficiels ou bien a une modification de Ia réabsorp-
tion du bicarbonate dans les néphrons juxta-médullaires.
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Numerous clinical and experimental studies have
been concerned with the natriuresis and diuresis which
occasionally occurs following relief of urinary tract
obstruction [l—5J. However, little attention has been
paid to the patterns of acid excretion in this condition.
In 1955, Ericsson, Wineberg and Zetterstrom [6] de-
scribed six children with postobstructive diuresis,
three of whom were noted to have high urine pH, de-
spite normal or low plasma bicarbonate concentra-
tions. In one of these patients urine, obtained through
a pyelostomy, from the obstructed kidney had a pH of
7.25 while the urine from the opposite kidney obtained
from the bladder had a pH of 6.4. In 1956, Earley [7]
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reported urine pH's of 6.3 to 6.9, at a plasma pH of
7.3, in an infant with postobstructive diuresis. How-
ever, in this patient, infection of the urinary tract
could not be excluded as a mechanism for defective
acidification. Berlyne [8] found that six of seven
patients with chronic hydronephrosis were unable to
acidify their urine below a pH of 5.3 after a short am-
monium chloride load. However, in two patients,
following relief of obstruction, the acidification defect
was corrected after several weeks. Recently, Better et al
[9] described urine pH's of 6.5 to 7.5 in a patient after
relief of complete ureteral obstruction of three months'
duration. After ammonium chloride loading, the pH
of the urine from the postobstructed kidney fell from
6.7 to 5.7, while the normal kidney had a normal re-
sponse. Falls and Stacey [10] noted a urine pH of 7.22
in a patient with postobstructive diuresis in a solitary
kidney. This patient was also unable to acidify ade-
quately after ammonium chloride loading. Following
recovery of renal function, the acidification defect
disappeared.
The present studies were designed to investigate
whether the acidification defect observed following
relief of obstruction could be elicited in experimental
animals, and if so, to try to explore the mechanism re-
sponsible for its pathogenesis. The acidifying capacity
of the normal and experimental kidney was studied in
rats after release of complete unilateral ureteral ob-
struction or after unilateral release of bilateral ureteral
obstruction. The present report summarizes our find-
ings on the nature of the acidifying defect in rats after
release of urinary tract obstruction.
Methods
Experiments were performed in female Sprague-
Dawley rats weighing 180 to 250 g, fed a standard rat
chow and allowed fluid ad lib prior to study. Different
experimental groups were studied.
Bilateral ureteral ligation (group I, N= 8). Through
a small lower midline abdominal incision, both ureters
of rats, anesthetized lightly with ether, were completely
ligated with silk at the distal one-third. Following sur-
gery the animals were returned to their cages. Food
and water were withheld until the time of study. After
24 hr of complete bilateral ureteral obstruction, the
animals were anesthetized lightly with ether for inser-
tion of catheters into the left jugular vein for infusion
of solutions and into the right femoral artery for blood
sampling. The obstruction was then relieved on the
right side only by inserting a polyethylene catheter
attached to silastic tubing proximal to the silk ligature.
After closing the abdomen, the animals were placed in
plastic (Plexiglas) holders and allowed to recover from
the anesthesia. Forty minutes were usually allowed be-
fore a priming dose of inulin (12.5 mg in I ml of nor-
mal saline) was given, followed by a sustaining solu-
tion of inulin, 5 mg/mI in normal saline, infused at a
rate of 46 il/min. After an equilibration period of
60 mm, three baseline clearance periods of 20 to
30 mm were obtained, and in five animals bicarbonate
titration studies were performed, using the minimal
expansion technique previously described from this
laboratory [11]. At the end of the experiment, blood
was obtained for determination of the blood urea
nitrogen (BUN) concentration.
Unilateral ureteral ligation (group II, N==7). In
these animals, only the right ureter was ligated. Food
and water were withheld following surgery and clear-
ance studies were carried out after 24 hr. At this time,
under light ether anesthesia, polyethylene catheters
were inserted into the right femoral artery, the left
jugular vein and the obstructed ureter beyond the
ligature. A silastic catheter was inserted into the blad-
der for the collection of urine from the control kidney.
The animals were allowed to recover from the anes-
thesia, and after 40 mm of recovery time, a priming
dose of chemical inulin (12.5 mg in 1 ml of normal
saline) was given, followed by a sustaining infusion
containing 12.5 mg of inulin/ml of normal saline at a
rate of 46 il/min. Urine was collected in weighed tubes
from both the control and postobstructed kidneys and
urine volume was determined by weighing. When
urine flow was stable two to three baseline clearance
periods of 40 to 60 mm were obtained. In four of these
animals, after baseline determinations had been ob-
tained, bicarbonate titration studies were carried out,
using the minimal expansion technique. When bicar-
bonate was added to the infusion, the infusion rate for
the inulin was 22 .d/min of a solution containing
25 mg/100 ml of inulin. Blood was obtained for deter-
mination of the BUN concentration at the conclusion
of the experiment.
Unilateral ureteral ligation and ammonium chloride
loading (group III, N=4). These animals were prepared
in a manner similar to the rats in the unilateral ureteral
ligation group, except that for 36 hr preceding the re-
lease of the obstruction and 12 hr before obstruction
they received twice daily 10 ml of a 2% ammonium
chloride solution via a stomach tube so as to produce a
metabolic acidosis comparable in degree to the acidosis
observed in the animals subjected to bilateral ureteral
ligation. Clearance studies were then carried out as
already described herein.
Micropuncture studies. Following release of either
right (6 rats) or left (11 rats) unilateral ureteral ligation
(group II) and after relief of left ureteral blockade
following bilateral ureteral ligation (6 rats, group I), the
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left kidney was prepared for micropuncture as de-
scribed previously [121. The rats were anesthetized
with mactin i.p. (100 to 120 mg/kg) and a Harvard res-
pirator was used to maintain arterial Pco2 and pH at
presurgical levels. All animals received a priming dose
of 25 sCi of '4C-carboxyl-labeled inulin (14C-inulin)
followed by an infusion of normal saline containing
'C-inulin (20 PCi/nil) at a rate of 39 .d/min. An equi-
libration period of at least 45 mm was allowed before
micropuncture, which was performed two to three
hours after release of obstruction.
Acid-washed glass pipets with sharpened tips (ex-
ternal diameter, 6 to 8 i) were used to obtain proximal
and distal tubular fluid samples which were identified
by i.v. injections of 0.05 ml of a 1O% solution of lissa-
mine green. The total amount of lissamine green given
during one experiment seldom exceeded 0.5 ml. Timed
collections were made at a rate equal to or slightly less
than intratubular flow rate which was determined by
injecting a drop of colored mineral oil, 5 tubule dia-
meters or more in length, into the tubule and aspirating
fluid at a rate which held the oil drop in a stationary
position or allowed it to move away slowly. The sam-
ples of fluid obtained in this manner were used for the
determination of tubular fluid to plasma inulin ratios
(TF/P1) in proximal and distal tubules. The volume of
the sample was measured using a quartz capillary of
constant bore, previously calibrated with '4C-inulin,
The samples were then placed in a vial containing
10 ml of toluene-based scintillation fluid with an ionic
detergent. Inulin-14C in plasma, urine and tubular
fluid was counted on a liquid scintillation counter (Tn-
Carb Model 3324). All tubular fluid samples were
counted for at least 100 mm and 4,000 counts. Total
counts per minute in each sample were at least twice
the level of background radioactivity.
The concentration of bicarbonate in tubular fluid
was determined with microquinhydrone electrodes [13]
prepared from platinum-iridium wire (O.D., 0.001 ")
and placed in acid-washed glass pipets with sharp-
ened tips (external diameter, 6 to 8 L).These were con-
structed within 10 to 15 hr of each experiment. Im-
mediately after the sample was obtained for the deter-
mination of inulin concentration, a microquinhydrone
pipet was filled with colored mineral oil obtained from
a closed reservoir through which a gas mixture of 5%
CO2 and 95% 02 was bubbled for at least 90 mm. The
pipet was then introduced into the tubule at the site of
the previous puncture. in most cases fluid spontane-
ously entered the pipet and when a sufficient amount
had collected to cover the end of the electrode it was
removed and the tip immediately sealed with egg albu-
men. Samples which appeared greater than 10 nI in
size were discarded. The difference in potential between
this quinhydrone electrode and a standard calomel
half-cell was measured at 37°C with an electrometer
(Vibron model 33B). The pH of the sample was deter-
mined from the following equation:
454.5— emfpH = 61.47
where emf is the observed potential in millivolts. In
order to minimize the drift which is known to occur
with time, all measurements were obtained immedi-
ately upon completion of the collection. In all cases
readings were done in duplicate and seldom differed.
If there were differences between the readings, the
sample was discarded and another was collected. Such
differences, when they occurred, seemed primarily re-
lated to inadequate sealing of the pipet tip.
Tubular fluid bicarbonate concentration was deter-
mined from the Henderson-Hasselbalch equation using
a pK' value of 6.131 and a solubility coefficient of
0.0309. During the time in which these experiments
were performed, 20 samples of known pH (range, 3.0
to 7.38) were prepared and handled in an identical
fashion to the tubular fluid samples. The mean re-
covery was l00.2±2.6% (SD). No differences were
seen when samples were obtained from freshly pre-
pared bicarbonate-carbonic acid buffers.
Upon completion of fluid collections, the tubules
were injected with latex and the site of puncture was
determined by microdissection [14].
Analytical procedures. Blood samples were obtained
in heparinized capillary tubes and all urine samples
were collected under mineral oil. Repeated urine cul-
tures from the obstructed kidneys proved sterile. The
pH and Pco2 determinations were made immediately
after the collection of blood and urine, using a micro-
gas analyzer (Instrumentation Laboratories, Inc.,
Model 123). Bicarbonate concentrations in urine and
plasma were calculated using the Henderson-Hassel-
baich equation, with a pK' value of 6.1 and a solubility
coefficient of 0.0301 for plasma. For urine, the co-
efficient used was 0.0309 and the pK' values were cal-
culated for each urine sample using the formula pK' =
6.33
—0.5 x \/B, where B represents the total cation con-
centration estimated in the urine as the sum of sodium
and potassium concentrations. Sodium and potassium
were determined using a flame photometer (Instru-
mentation Laboratories). Inulin concentration in
plasma and urine was measured by the microanthrone
method [15].
1 Theoretically, the pK' value to be used for distal tubular
samples should be somewhat greater because of a lower ionic
strength. However, calculations using a pK' value of 6.21 re-
sulted in only small changes in calculated bicarbonate con-
centrations. Consequently, a pK' value of 6.13 was used for both
proximal and distal tubular samples.
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Urinary ammonia was measured using a modified
Conway diffusion technique [16] and titratable acid
was measured using an automated pH titrator (Radio-
meter, Copenhagen). The statistical analyses were per-
formed using Student's t test for paired data (Tables 2
and 6) or unpaired data (Table 1).
Mean differences in superficial nephron function
were tested for significance using Student's t test for
unpaired data when comparing groups and for paired
data when comparing the untouched to the post-
released kidneys within each group.
The standard error at any point along the derived
lines was calculated using the following formula:
/1 (x—)2SE = SYx+()a
When two regression lines were found not to be
parallel, differences between them at any point were
tested for significance utilizing the following formula:
When regression lines were found to be parallel,
differences in the y-intercept were tested for signifi-
cance according to the method described by Snedecor
and Cochran [17].
Results
Table 1 summarizes the serum electrolytes and acid-
base status for animals in groups I, II and III (see
Methods). The animals of group I (unilateral release of
bilateral ureteral obstruction) had a plasma pH of 7.35
and a plasma bicarbonate concentration of 16.9 mEq/
liter vs. a plasma pH of 7.45 and a bicarbonate con-
centration of 23.5 mEq/liter in animals of group II (re-
lease of unilateral ureteral obstruction). The serum
potassium concentration was 5.9 mEq/liter and the
blood urea nitrogen (BUN) concentration measured in
five animals only was 108 mg/lOO ml in group I. In
group III plasma pH and bicarbonate concentration
averaged 7.32 and 16.9 mEq/liter, respectively. The
hematocrit value was similar in the three groups
(group I, 42.8 group II, 42.3± l.1%; group
III, 43.1 l.2%). Animals in groups II and III lost
significantly (P<0.05) more weight (14.8±2.8 and
17.0± 1.2 g) than animals in group 1(9.25±0.73 g)
during the 24-hr period of food and water deprivation.
It should be noted that the baseline studies were
started 2.1 hr after the release of the obstruction in
group I, whereas in group 11 animals it was 3.2 hr
after the release of the obstruction before urine flow
was deemed adequate.
The baseline urinary sodium and acid excretion data
for animals in group I are given in Table 2. Each value
represents the mean of three clearance periods. Mean
urine flow was 70 1.d/min and the glomerular filtration
rate (GFR) was reduced (inulin clearance, 0.45±
0.05 ml/min). Fractional sodium excretion was 11 .06%.
Urine pH was 6.11, and there was a mean net acid ex-
cretion (UTAV + UNH4V— UHCO3V) of 2.01 0.69 zEq/
mm. UHC03V was 0.05 Eq/min and the fractional ex-
cretion of bicarbonate was 0.84%. Fractional potas-
sium excretion averaged 98.9%.
Table 3 shows the baseline urinary sodium and acid
excretion for the animals in group II. In this group of
animals, the experimental kidney (E) had a greater
urine flow, a lower GFR and a higher fractional sodium
excretion than the control kidney. The urine pH was
6.01 on the control side and 7.47 on the experimental
side. Net acid excretion was 0.97 0.14 .tEq/min in the
control kidney and —0.17 0.05 Eq/min in the ex-
perimental kidney. Fractional excretion of bicarbonate
averaged 0.02% in the control kidney and 3.l7% in the
experimental kidney.
To study the effects of decreasing the filtered load of
bicarbonate on the acidifying defect, animals subjected
to unilateral ureteral obstruction and subsequent re-
lease were given an ammonium chloride load via
gastric tube. A significant degree of acidosis (plasma
Table 1. Baseline serum electrolytes and acid-base status for animals in groups I, II and III
Na
Eq/ml
K
i.Eq/ml
pH Pco2
mm Hg
HCO
p.Eq/ml
BUN
mg/lOU ml
Group I Mean 154.2 59a 7.35k 31.5 16.9k 108b
N=8 1.33 0.25 0.01 1.23 0.92 25
Group II Mean 149.0 3.9 7.45 34.6 23.5 25.1
N=7 2.12 0.26 0.01 0.94 0.48 1.57
Group III Mean 149.5 4.1 7.32 33.2 16.9 26.0
N=4 1.56 0.17 0.03 1.03 1.38 2.02
Values are significantly different (P<0.001) from the values obtained in group II.
b Values are significantly different (P<0.01) from the values obtained in group II.
Y1Y2I 1 1 (x1—1)2 .ç(x2—x2)2—+—+N1 N2 (x1_1)2(x2_2)2
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Table 2. Baseline urinary sodium and acid excretion in group j
Rat No. V
zlimin
C1
mi/mm
LJNaV
p.Eq/min
FENa7 LJpH IJNCO3VzEq/mmn FEHCO37 UNN4ViEq/min UPAVp.Eq/min Net acidpEq/mmn 1JVEq/mmn FE+7
I 53 0.31 5.24 11.50 6.20 0.04 0.65 0.16 0.55 0.67 2.29 120
2 65 0.49 7.63 10.25 6.30 0.07 0.59 0.20 1.31 1.44 2.18 87
3 58 0.48 7.22 8.92 5.78 0.02 0.26 4.07 1.16 5.21 1.89 92
4 83 0.27 7.93 19.33 6.40 0.11 2.86 0.32 — — 1.79 110.7
5 65 0.54 4.70 5.67 5.97 0.03 0.33 — — — 2,67 99.4
6 65 0.38 6.45 11.73 6.25 0.06 1.10 0.80 1.00 1.74 2.81 104.4
7 66 0.41 6.78 10.40 6.08 0.04 0.59 0.30 0.43 0.69 2.37 90.9
8 108 0.74 11.92 10.70 5.90 0.05 0.33 0.48 1.88 2.3t 3.69 86.8
Mean 70 0.45 6.98 11.06 6.11 0.05 0.84 0.90 1.06 2.01 2.46 98.9
6.17 0.05 0.82 1.36 0.08 0.01 0.30 0.53 0.22 0.69 0.21 4.3
V=urine flow; C10=inulin clearance; UNOV=rate of sodium excretion; FEN0fractiona1 sodium excretion; U11c03V=rate of bi-
carbonate excretion; FE1103 = fractional bicarbonate excretion; UNH4V = rate of ammonia excretion; UTAV = rate of titratable acid
excretion; UKV = rate of potassium excretion; FE + = fractional potassium excretion.
pH, 7.32; plasma bicarbonate concentration, 16.9 mEq/
liter) was observed. The mean weight toss of the
animals in thisgroup (group III) was 17 g. As shown in
Table 4 the urine flow from both kidneys was compar-
able and less than that for either the animals in
group I or group 11. GFR was reduced on the experi-
mental side and there was no statistical difference in
the fractional excretion of sodium between the two
kidneys. The pH of the urine was comparable in both
the experimental and the control kidneys, and acid ex-
cretion (urinary ammonia excretion plus titratable
acid) was greater than in the animals in group 11.
To further explore the differences observed between
rats with unilateral and bilateral ureteral obstruction,
bicarbonate titration experiments were performed in
both groups of rats, A representative bicarbonate
titration study for an animal of group 11 is shown in
Table 5. The experimental kidney excreted bicarbonate
prior to the infusion of exogenous bicarbonate. Plasma
HCO3 was increased progressively from 23.1 to
41.2 Eq/ml. Urine pH rose in both the control and
experimental kidney. No Tm for bicarbonate was de-
monstrable in the control kidney. The experimental
kidney, although spilling bicarbonate at a lower plasma
concentration of bicarbonate, continued to increase its
rate of bicarbonate reabsorption up to plasma bicar-
bonate concentrations of 41.2 zEq/m1. Fig. I shows a
composite of bicarbonate titration curves performed in
five rats in group I, each point representing the mean of
five animals. No Tm for bicarbonate was demonstrable
at plasma bicarbonate concentrations of 42 sEq/ml.
Fig. 2 depicts the results of bicarbonate titration curves
performed in four rats in group 11. No Tm was de-
monstrable in either the control or experimental kidney.
The points represent the mean of four animals. The
insert in this figure depicts on an expanded scale bi-
Table 3. Baseline urinary sodium and acid excretion from control
V
pJ/min
C E
C
mi/mb
C E
UNOY
p.Eq/rnin
C E
FEN.
%
C E
UpH
C E
FE
C
0/
F
29 28 0.95 0.47 2.34 3.09 2.40 5.90 5.87 7.37 0.03 1.56
14 17 1.41 0.68 2.89 2.73 1.39 2.67 6.27 7.50 0.03 0.91
11 32 1.53 0.34 1.75 4.42 0.78 8.85 5.87 7.23 0.00 2.60
10 21 1.64 0.51 1.25 2.46 0.54 3.50 5.62 7.50 0.00 1.53
10 23 1.92 0.39 1.65 3.20 0.55 6.00 6.00 7.60 0.01 3.75
13 27 1.38 0.11 2.57 3.87 1.25 22.95 6.23 7.50 0.02 10.74
7 13 1.66 0.55 2.28 2.09 0.90 2.40 6.23 7.58 0.02 1.08
Mean 13.4 23.0 1.50 0.44 2.10 3.12 1.11 7.47 6.01 7,47 0.02 3.17
2.7 2.5 0.11 0.07 0.22 0.30 0.25 2.72 0.09 0.05 0.00 1.32
F<O.025 Pc0.0Ol P<0.02 P<0.05 PcO.00l P< 0.05
0 C = control; E = experimental. For definition or other abbreviations, see Table 2.
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carbonate excretion for the control and experimental
kidneys.
Values for inulin clearance, filtered load of bicar-
bonate, bicarbonate excretion and fractional excretion
in the postobstructed kidney of the three groups of
rats are shown in Fig. 3. Despite comparable reductions
in GFR, fractional excretion of bicarbonate was signi-
ficantly increased in groups I and II as compared to
group III.
The mean values for whole kidney function in rats
of groups I and II obtained during the micropuncture
studies were similar to those observed in awake ani-
mals. GFR averaged 0.22±0.04 ml/min in group I
animals and was not significantly different from the
mean GFR measured following unilateral release of
ureteral obstruction (0.23±0.11 ml/min). As in the
studies in awake rats, these values were significantly
less (P<0.00l) than the mean GFR of the control
kidney (1.15±0.12 ml/min). Similarly, the absolute
and fractional excretion of bicarbonate were signifi-
cantly increased (P<0.00l) following release of uni-
lateral ureteral obstruction (U15003V, 0.06 0.03 Eq/
mm; FEHCO3, 1.06±0.28%) and unilateral release of
bilateral ureteral obstruction (UHC03V, 0.037 0.018;
FEHCO3, 0.94±0.39) when compared to the mean
measurements of the unobstructed normally function-
ing kidney (UHCO3V, 0.003 0.002; FE03, 0.03
0.02). Urine pH averaged 6.24±0.12 after release of
bilateral ureteral ligation (BUL) and 6.92±0.12 after
release of unilateral ureteral ligation (UUL). These
values were significantly higher than the mean of
5.77 0.08 obtained in studies of the control kidney of
group I rats.
The appearance of surface nephrons following re-
lease of unilateral ureteral ligation was strikingly
different from the uniformly patent renal tubules seen
kidney (C) and postobstructed kidney (E) in group IP
in the surface of the kidney after unilateral release of
BUL or of control kidneys. The surface tubules of the
postreleased kidney in group II were markedly hetero-
geneous in appearance ranging from collapsed to
widely patent tubular lumina.
Mean tubular flow rates following release of ureteral
ligation were significantly reduced. The lowest values
were obtained from the postreleased kidney of group II
and averaged 4.04 0.45 nl/min at proximal sites and
1.60±0.45 nl/min from distal sites. In group I flow
rates averaged 9.47 0.78 proximally and 6.24 0.77
UHC03V
Eq/min
C E
UNH4V
Eq/min
C E
IJTAV
Eq/min
C E
Net Acid
excretion
pEq/min
C E
UKV
iEq/min
C E C
FEK*
%
E
0.01 0.19 0.47 0.09 0.55 0 1.01 —0.10 1.24 0.58 42.3 40.0
0.01 0.14 0.47 0.18 0.26 0 0.72 —0.04 0.64 0.36 12.7 14.8
0.00 0.21 0.99 0.04 0.23 0 1.22 —0.17 0.78 0.39 26.8 60.9
0.00 0.18 0.88 0.10 0.62 0 1.50 —0.08 1.23 0.46 16.8 20.4
0.00 0.36 0.45 0.04 0.26 0 0.71 —0.32 1.12 0.37 16.6 31.8
0.01 0.31 0.41 0.01 0.24 0 0.64 —0.30 1.50 0.18 27.4 39.5
0.01 0.14 — — 0.19 0 — — 0.55 0.24 6.8 12.9
0.01 0.22 0.61 0.08 0.34 0 0.97 —0.17 1.00 0.37 21.3 31.5
0.00 0.03 0.10 0.02 0.06 0 0.14 0.05 0.13 0.05 4.5 6.5
P < 0.001 P < 0.001 P < 0.001 P < 0,001 P < 0.05
0
U
U
a
0
aU
Fig. 1. Composite of bicarbonate titration curves performed in five
rats after unilateral release of bilateral ureteral obstruction, The
top curve represents bicarbonate reabsorption; the bottom curve,
bicarbonate excretion. Each point represents the mean of five
animals.
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Table 4. Acid-base status and renal function for animals in group lll
Rat No. V
vi/min
C E
C1,,
mi/rn/n
C E
FEN,,
%
C E
UpH
C E
UHCO3V
p.Eq/rnin
C E
UN,,4V
p.Eq/rnin
C E
UTAV
tEq/rnin
C E
UKV
Eq/rnin
C E
FE2
C E
1 11 13 0.63 0.31 2.00 3.75 5.32 4.95 0.002 0.001 0.97 0.39 0.54 0.23 0.66 0.39 24.3 29.7
2 12 7 1.37 0.44 0.60 1.35 5.80 6.26 0.002 0 1.45 0.24 0.28 0,10 0.84 0.25 15.1 16.3
3 8 8 0.93 0.61 0.40 0.50 5.80 5.90 0.002 0 0.78 0.58 — — 0.56 0.49 15.5 20.5
4 12 10 0.94 0.45 0.70 0.90 5.89 6.05 0.002 0.002 — — — — 0.45 0.26 10.8 13.2
Mean 10.8 9.5 0.97 0.45 0.93 1.63 5.70 5.79 0.002 0.002 1.07 0.40 0.41 0.17 0.63 0.35 16.43 19.93
0.95 1,32 0.15 0.06 0.36 0.73 0.13 0.29 0.00 0.20 0+10 0.08 0.06 2.83 3.59
°' For definition of abbreviations see TabIc 2.
distally. These values were significantly greater than averaged 20.8 1.2 nI/mm at proximal and 10.54 nI/
mean values (P <0.001) obtained after relief of UUL. mm at distal sites and were significantly greater (Pc
Mean values obtained from the control kidney 0.00 1) when compared either to the postreleased kidney
Table 5. A representative bicarbonate titration study for
Clearance
period
Time
rn/n
Plasma Urine
pH Pco2 HCO C1,, pH Pco2
mm Hg p.Eq/rni in//rn/n mm Hg
C E C E C E
—250 Under light ether anesthesia catheters inserted into right ureter, femoral artery, bladder and jugular
vein.
Animal positioned in holder, duration (60 mm).
—105 Inulin prime 12.5 mg in I ml of normal saline.
Sustaining solution containing 12.5 mg of inulin per ml of normal saline infused at 46 sI/mm.
1 0—45 7.46 33.5 23.1 1.55 0.34 5.85 6.85 <10 12.0
2 45—100 7.50 30.0 22.7 1.51 0.34 5.9 7.6 <10 12.5
Prime 0.25 ml of 0.68M NaHCO3. Sustaining solution changed to 25 mg of inulin per ml of normal
saline at 22 ill/mm.
Second infusion containing 100 mEq/liter of NaHCO3 at 39 v//mm.
3 178—238 7.51 32.5 25.2 1.41 0.30 6.3 7.7 <10 10
Prime 0.4 ml of 0.68M NaHCO3.
4 268—293 7.55 35.0 30 1.56 0.36 7.6 7.7 38.5 13.5
5 293—328 7.55 37.0 31.7 1.30 0.37 7.55 7.75 33.0 13.0
Prime 0.4 ml of 0.68M NaHCO3.
6 353—381 7.58 37.0 33.8 1.38 0.42 8.0 7.8 39.5 17.5
7 381—416 7.59 36.5 33.8 1.25 0.31 8.0 7.9 31.0 12.5
Prime 0.4 ml of 0,68M NaHCO3, Second infusion changed to 120 mEq/liter of NaHCO3 at 39 il/mm
8 436—461 7.59 40.0 37.6 0.76 0.37 8.15 7.95 39.5 11.5
9 461—491 7.62 37.5 37.4 0.96 0.33 8.15 7.95 35.5 13.5
Prime 0.4 ml of 0.68M NaHCO3.
10 511—535 7.60 40.0 38,5 1.38 0.36 8.2 8.0 43.0 12.5
11 535—563 7.60 41.0 39.0 1.50 0.38 8.2 8.0 34.0 12.0
Prime 0.4 ml of 0,68M NaHCO3. Second infusion changed to 150 mEq/liter of NaHCO3 at 39
izl/mmn.
12 581—605 7.63 40.0 41.0 0.91 0.32 8.2 8.05 43.0 12.0
13 605—635 7.64 39.5 41.2 1.20 0.30 8.2 8.05 45.0 11.5
a For definition of abbreviations see Table 2.
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of group I or group II. Because of the marked hetero-
geneity of surface nephrons and the concomitant re-
duction in tubular flow rates seen following release of
UUL, i.v. injections of lissamine green were frequently
not helpful in identifying distal tubules. In these in-
stances a droplet of mineral oil was injected into a
proximal tubule and followed, and in this manner a
distal tubule was frequently identified and punctured.
Collections were not attempted if there was any evi-
dence of a tubular leak from the proximal site of
puncture. As a result of these difficulties, distal tubular
samples were obtained in only eight of the 11 rats
studied after release of UUL.
In Fig. 4 the ratios for the tubular fluid to plasma
bicarbonate (TF/P HCO3-) are plotted as a function
of tubular length. The lines drawn through the points
animal (Rat No. 2) iii group ha
were determined by the method of least squares. The
slopes of lines drawn were significantly different from
zero (P< 0.01) when determined for proximal data for
group I rats and the experimental kidney of group II
and at P <0.05 for proximal data for the control kid-
ney. TF/P HCO3 was negatively correlated to proximal
tubular length. Calculated TF/P HCO3 values at 55%
of proximal tubular length were statistically the same
in the three groups studied and are presented in Table 6.
Tubular fluid to plasma bicarbonate ratios were not
significantly correlated to distal tubular length in
either the control kidney of group II or following relief
of BUL. Surprisingly, TF/P HCO3 ratios increased as
a function of distal tubular length in the postreleased
kidney of group II (Fig. 4). Mean TF/P HCO3 values
calculated at 20% of distal tubular length averaged
C0
U
C0
'5U
UHCO3V HCO excretion HCO
Eq/min per ml/C1 reabsorption
per ml/C1
C E C E C F
— 0.06 — 0.18 24.3 24.1
— 0.36 — 1.06 23.8 22.8
— 0.25 — 0.82 26.5 25.6
0.76 0.51 0.49 1.39 31.0 30.1
0.40 0.42 0.31 1.15 33.0 32.2
0.82 0.74 1.32 1.78 34.2 33.7
0.79 0.40 0.64 1.28 34.9 34.2
0.75 0.60 2.29 1.64 37.2 37.8
1.51 0.57 1.58 1.70 37.7 37.6
4.15 0.61 3.04 1.7! 37.4 38.7
2.60 0.57 1.73 1.50 39.2 39.5
3.34 0.62 3.69 1.95 39.4 41.2
3.95 0.70 3.29 2.35 40.0 40.9
Plasma HCO3
Eq/ml
Fig. 2. Composite of bicarbonate titration curves performed in
four rats after release of unilateral ureteral obstruction. The two
top curves represent bicarbonate reabsorption, the bottom curves
bicarbonate excretion. The open circles represent the data for the
postre!eased kidney. The closed circles represent those for the
control kidney. The insert on the top represents bicarbonate ex-
cretion plotted on an expanded scale for both the postreleased
kidney (open circles) and the control kidney (closed circles).
CIN 0.25
mi/mm
- U—
•O002
IL LII
LExperimental kidneyi
Fig. 3. Values for inulin clearance, filtered load of bicarbonate,
bicarbonate excretion and fractional excretion of bicarbonate for
the postobstructed kidney of rats with unilateral release of bilateral
ureteral obstruction (group I), rats with release of unilateral are-
teral obstruction (group II) and in rats with release of unilateral
obstruction receiving ammonium chloride (group 111).
0.15 0.12, a value not different from those calculated
for the control kidney or the experimental kidney of
group I. Mean TF/P HCO3 at 90% of distal tubular
length averaged 0.82 0.15 and was significantly
greater (P<0.001) than calculated values in group I
(0.16 and for the control kidney of group II
rats (0.20 0.03).
Fig. 5 depicts the linear relationship between the
fraction of the filtered load of bicarbonate remaining
and the site of puncture (TF/P. HCO3/in x 100). In all
cases except for the distal data of group I, the slope of
the line was significantly different from a slope of zero
(P<0.01) and bears a significant negative correlation
to tubular length. Following unilateral release of BUL,
distal TF/P HCO3/in ratios were significantly corre-
lated to percent tubular length at the 5% level of
significance.
As shown in Table 6, the calculated fraction of the
filtered load of bicarbonate remaining at 55% of
proximal tubular length was not different when the
control kidney of group II was compared to group I
rats (19.2 2.2 and 16.0 3.1, respectively). In striking
contrast less than one-half this amount remained at
55% of proximal tubular length following release of
UUL (8.17±2.7%). A similar relationship was seen at
20% of the distal tubular length: 10.4±1.6 and 7.86±
O.86% of the filtered load of bicarbonate remained in
group I rats and in the control kidney of group II rats.
These values were significantly greater than the mean
value calculated for the experimental kidney of group II
(4.82 The amount of bicarbonate remaining
fell progressively along the distal tubule in all three
groups. In all cases this was related primarily to the
progressive changes in the tubular fluid to plasma
inulin ratios (TF/P in) since there were no changes in
TF/P HCO3 as a function of tubular length in group I
and in the control kidney of group II while there was a
marked rise in TF/P HCO3 in the experimental kidney.
By 90% of distal tubular length, only 0.84 0.72% of
the filtered bicarbonate remained in distal tubules of
the postreleased kidney of group II rats. This was
significantly less (P <0.001) than the amount remaining
following unilateral release of BUL (2.30 2.0%) and
from calculated mean values for the control kidney
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0.5 —
0
Group I
y = —0.012 x ÷0.94
I : ,.
Group II (control kidney)
—0.007 o +0.78
C
LI
FLHco -
jiEq/min
0.3
UHc03V 0.2
mEq/min 0.1
C'
FEHcQ -
%
Group II (experimental kidney)
= —0.0091 c +0.78
0.8
0.4
20 40 60
Proximal
= 0.0095 x —0.040
40 80 U/PHCO3
Distal urine
% of tubular length
Group I
Fig. 4. Ratios for the tubular fluid to plasma bicarbonate ratio
(TF/P HCO3 plotted as a function of tubular length. The lines
drawn were determined by the method of least squares. The
slopes of the lines drawn were significantly different from zero
(see text).
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(2.05 0.89%). The amount of the filtered bicarbonate
present in the final urine averaged 0.03 0.02% in the
control kidney and represents a sixfold decrease from
the amount present at 90% of distal tubular length.
No such changes were seen in the experimental kidney
where FEHCOS averaged l.06±0.28%, a value not
different from that ca'culated at 90% of distal tubular
length, while bicarbonate excretion following release
of BUL was reduced by only 50°/ between end-distal
sites and the final urine (0.94±0.39).
Further support for localizing the site of the acidify-
ing defect to the late distal or collecting duct is pro-
vided by the data presented in Table 7. The indexes
shown were obtained before and after bicarbonate
loading during the performance of bicarbonate titra-
tion studies as described in Methods. The table depicts
mean values for urine pH and Pco2 in rats of groups I
and II. in both groups, urine pH rose to values between
7.7 and 8.15 with bicarbonate loading, in animals of
group I and in the control kidney of rats from group II,
urine Pco2 rose to 49.6 and 51.5 mm Hg, respectively.
The samples used to obtain these means were always
preceded by a urine sample of pH 7 or greater. By con-
trast, urinary Pco2 in the experimental kidney of
group 11 rose from 11.5 to only 17.6. When the plasma
values for Pco2 were subtracted from the concomitant
urine Pco2 values, the animals of group I and the con-
trol kidney of group II exhibited positive values.
However, the experimental kidney of group II revealed
a negative value. As suggested by Halperin et al [18],
urinary Pco2 values, in the face of high rates of
Table 6. Tubular fluid to plasma (TF/P) bicarbonate ratios and fraction of filtered bicarbonate remaining in surface nephrons and urine
of rats after release of ureteral ligationa
Group I
(BUL)
Group IL
(CK) (EK)
55% of proximal tubular length
2Q of distal tubular length
9O% of distal tubular length
Final urine
IF/P in
TF/P HCO3
TF/P'HCO3/in
TFJP in
TF/P HCO5
TF/P'HCO3/in
TF/Pin
TF/P in
TF/P HCO
TF/P'HCO3/in
U/P inulin
U/P HCO3
FEHCO5
x 100
x 100
x 100
1.95±0.02
0.30±003 (20)
16,Ø3,1b
0.23±0.03 (17)
10.39±1.68
3.35±0.29
0.16±0.04(17)
2.30±2.0e
10.34±2,23"
0.18±0.06
0.94 0.39
2.08±0.02a
0.41 (16)
l9.2±2,2e
2.79±0.05
0.24±0.04 (16)
7.86±O.86e
8.88±0.05
0.20±0.03
2.05±0.89e
177.5± 17.2
0.06±0.03
0.03 + 0.02'
4.02±0.02
0.28±0.07 (34)
8.17±2.7
4,80±0.15
0.15±0.12 (15)
4,82±0.68
31.01
0.82±0.15
0.84±0.72
72.7± 17.5
0.26±0.05
1.06 028°
Numbers in parentheses refer to the number of tubules punctured. BUL= bilateral ureteral ligation; CK=control kidney; FK
experimental kidney. TFJP HCO3/in x 100= bicarbonate remaining.
8,0 Significantly different from the respective value for the experimental kidney of group 11: "(P <0.001) ore (P< 0.01).
0. e. Significantly different from the respective value for the experimental kidney: d( <0.001), c (P<0.01) or (P <0.05).
° When the contralateral control kidney was micropunctured, fractional excretion of bicarbonate (FEuco3) in the postreleased kidney
averaged 3.10± 1.54, a value not different from that reported for nonanesthetized animals in Table 3.
Group I
= —0708 + 54.3 y —0.12 e + 2.9
%
20H0:
Group II (Control kidney)
y = —0.62 x +53.0 = —0.08 x +9.5
0
1.6
0.8
04
0
Urine
= —0.06 + 6.0
Group II (Experimental kidney)
% y —0,53 x +37.0
:L... _
Proximal Distal
% of tubular length
Fig. 5. Fraction of filtered bicarbonate remaining at the Site of
puncture plotted against tubular length. The slope of the lines,
drawn by the method of least squares, was significantly different
from the slope of zero (see text).
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Table 7. Urine pt-I, Pco2 and plasma Pco2 values in rats before and after bicarbonate 1oading
Urine pH Urine Pco2
mmHg
Plasma Pco2
mmHg
U-Ppco2
B A AB A B A
Group I 6.05 7.74 22.0 49.6 33.4 40.4 9.2
N=5 ±0.09 ±0.04 ±0.65 ±4.0 ±1.0 ±1.0 ±2.5
Group 11 C 6.10 7.98 12.9 51.5 33.7 40.2 11.3
N=4
E
±0.10
7.48
±0.09
±0.12
8.15
±0.05
±0.95 ±5.5
11.5 17.6
±0.96 ±2.5
±0.7 ±0.4
33.7 40.2
±0.7 ±0.4
±5.2
—22.6
±2.4
Values are mean ±SEM. B=before bicarbonate loading; A=after bicarbonate loading. U=urine; P=plasma. C=control; Er
experimental.
bicarbonate delivery to the distal nephron, may be
used as an index of distal hydrogen secretion. The
results presented in Table 7 suggest decreased hydro-
gen secretion in the distal tubule and collecting duct
of the experimental kidney following release of uni-
lateral ligation (group 11).
Discussion
These experiments demonstrate that release of
unilateral ureteral obstruction in the rat results in an
acidifying defect in the postobstructed kidney.
Urine pH in the control kidney was 6.01 whereas in
the experimental kidney the urine pH averaged 7.47.
This increase in urine pH was accompanied by an
increase in the fractional excretion of bicarbonate.
There was a decrease in the absolute excretion of
ammonia in the experimental kidney which in part
was related to the increase in urine pH. Titratable
acid was also markedly decreased in the experimental
side both as a consequence of the increase in urine
pH and the marked decrease in the urinary excretion
of phosphate observed after release of unilateral
ureteral obstruction [19]. While net acid excretion
averaged 0.97 iEq/min in the control kidney, there
was a negative excretion of acid by the experimental
kidney since the urinary excretion of bicarbonate
exceeded the absolute rate of excretion of ammonia
plus titratable acid. The studies, therefore, indicate
that in this animal model an acidifying defect, similar
to that described in patients following relief of urinary
tract obstruction, can be demonstrated. Rats subjected
to bilateral ureteral ligation and subsequent release of
the obstruction in only one side also demonstrated an
acidifying defect. While the urine pH in this group of
rats averaged 6.11 (Table 2), the urine pH in the same
group of rats when subjected to micropuncture
averaged 6.24, a value significantly different from the
value of 5.77 observed in the control kidney of rats
subjected to unilateral ureteral ligation. In addition,
the mean urine pH of rats with unilateral release of
bilateral ureteral obstruction was significantly greater
than the mean urine pH of 5.79 observed in rats with
release of unilateral ureteral obstruction receiving
NH4CI. This difference in urine pH at comparable
levels of plasma bicarbonate concentration and pH
probably reflects the somewhat greater urine flow in
the rats with unilateral release of bilateral obstruction.
Fractional excretion of bicarbonate averaged 0.84%
in the rats with unilateral release of bilateral ureteral
obstruction, a value not significantly different from
the value of 3.l7% observed in the experimental
kidney of rats with unilateral ureteral obstruction. It
should also be pointed out that in rats with unilateral
release of bilateral obstruction the filtered load of
bicarbonate was decreased since plasma bicarbonate
concentration averaged 16.9 iEq/ml as compared to a
mean value of 23.5 Eq/ml in the group of rats with
unilateral ureteral obstruction. Enulin clearance, on
the other hand, was comparable between the two
groups: 0.45 mI/mm for rats in group I and 0.44 ml!
mm for rats of group II. To test whether or not the
filtered load of bicarbonate plays a role in the acidify-
ing defect observed, a group of rats with unilateral
ureteral obstruction was given ammonium chloride
so as to decrease their plasma bicarbonate concentra-
tion to the level observed in the group of rats with
bilateral ureteral obstruction. In the rats treated with
ammonium chloride, there was no increase in urine
pH in the experimental kidney after release of ureteral
obstruction. Urine pH in the control kidneys averaged
5.70 while the urine pH in the experimental kidneys
averaged 5.79, which was not significantly different.
The exact mechanism responsible for the inability
to demonstrate an acidifying defect after release of
unilateral ureteral obstruction in rats given ammon-
ium chloride is not clear. Induction of systemic
acidosis, extracellular fluid volume contraction, de-
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creased urine flow and potassium losses may all have
played a role in the disappearance of the acidifying
defect in the rats receiving NH4CI.
To explore the possibility that the acidifying defect
observed after release of unilateral ureteral obstruction
was due to a decrease in the reabsorption of bicar-
bonate in the proximal tubule, bicarbonate titration
experiments were performed in rats of groups I and 11.
No definite Tm for bicarbonate was demonstrable in
either the control or the experimental kidney of rats
after release of unilateral ureteral obstruction. The
demonstration of no apparent Tm for bicarbonate in
these rats is similar to results previously reported from
this laboratory in normal rats when the "minimal
expansion technique" was used [11]. These findings
raise the possibility that the acidifying defect observed
after release of unilateral ureteral ligation is due not to
a depressed Tm for bicarbonate in the proximal
tubule of the experimental kidney but to an increased
splay in the bicarbonate titration curve. No support
for this postulate, however, is forthcoming from the
titration experiments performed which failed to reveal
any increase in splay. Because the acidifying defect is
characterized by urine pH's in the range of 7.47, and
since the alteration is readily correctable by the
administration of ammonium chloride with acidifica-
tion of the urine in the experimental kidney to values
as low as 5,79, it may be suspected that the location of
the acidifying defect is in the proximal tubule. How-
ever, the lack of a demonstrable decrease in the Tm
for bicarbonate in the present studies, as well as the
lack of evidence for an increased splay in the bicar-
bonate reabsorption curve, may indicate that the
defect is located at more distal segments of the
nephron.
The micropuncture experiments reported in Table 6
indicate that fractional bicarbonate reabsorption was
greater at end-proximal and early distal sites of surface
nephrons in the postreleased kidney of unilateral
ureteral ligation than in the control kidney. These
data suggest that the defect responsible for the bi-
carbonaturia observed in the experimental kidney
occurs beyond the proximal tubule probably at the
level of the distal tubule and collecting duct. Water
reabsorption as measured by TF/P inulin ratios was
also affected in a similar way. Despite increased TF/P
inulin ratios at end-proximal and distal tubular sites
in the experimental kidney, the U/P inulin ratios of this
kidney were significantly lower than those of the con-
trol kidney [20] (Table 6). Unless the handling of
bicarbonate is markedly abnormal in proximal and
distal segments of juxtamedullary nephrons of the
postobstructed kidney, an unlikely possibility in view
of the findings of the bicarbonate titration studies, the
acidifying defect probably relates to markedly altered
bicarbonate reabsorption (H secretion) in the distal
tubule (collecting duct) of surface nephrons.
Further support for localizing the site of the acidify-
ing defect to the late distal or collecting duct is pro-
vided by the urinary Pco2 values observed after bi-
carbonate loading in the experimental kidney of rats in
group II (Table 7). It has been suggested by Halperin
et al [18] that urinary Pco2 levels can be used to
evaluate hydrogen ion secretion in the distal nephron
(collecting duct) provided that bicarbonate is present
in sufficient quantity at this site. After bicarbonate
loading (during bicarbonate titration experiments), a
significant increase in urine Pco2 values was observed
in animals of group I and in the control kidney of rats
in group II. By contrast, no significant increase in
urine Pco2 was observed in the experimental kidney
of animals in group II and the urine Pco2 values
were lower than the concomitant plasma values. These
findings suggest almost absent hydrogen ion secretion
in the distal nephron (collecting duct) following re-
lease of unilateral ureteral obstruction. The absence of
a marked acidifying defect in rats with unilateral
release of bilateral ureteral obstruction suggests that
either plasma bicarbonate or rates of fluid delivery to
the collecting duct, or both, may be important in
determining the rates of H + secretion in this segment
of the nephron.
The augmented salt and water excretion observed
after release of obstruction would also tend to increase
the urine pH by decreasing the concentration of
hydrogen ions in solution. In group II urine flow rate
in the experimental kidney averaged 23 sl/min as
compared to 13 il/mm for the control kidney. The
concentration of H + in the urine of the control kidney
averaged 1 x l0 M. A 1.7-fold increase in urine flow
rate would decrease H concentration to a value of
6 x 107M (pH, 6.22). Thus, increased urine flow rate
may account for part but not all of the change in
urine pH observed after release of unilateral ureteral
obstruction. On the other hand, the slightly elevated
urine pH's observed after unilateral release of bilateral
obstruction (in the face of metabolic acidosis) can be
completely accounted for by the increased urine flow
rate.
In summary, the present studies indicate that a
renal acidifying defect can be elicited in rats following
release of ureteral obstruction. Bicarbonate titration
studies and micropuncture data suggest that the defect
may be located at the level of the late distal tubule of
surface nephrons or the collecting duct. The defect
may be due to marked abnormalities in bicarbonate
handling by juxtamedullary nephrons or to a combined
defect in both superficial and deep nephrons. The lack
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of an increased splay in the bicarbonate titration
studies argues against a significant defect in bicar-
bonate reabsorption in juxtamedullary nephrons.
However, simultaneous micropuncture studies of
bicarbonate reabsorption in both superficial and deep
nephrons of this experimental model will be needed to
evaluate the contribution of the juxtamedullary
nephrons to the acidifying defect observed.
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